2013; Alsabery, 2017; Sheikholeslami, 2015) . Likewise, there is a novel concept known as 28 nanofluids introduced by Choi (1995) has gained a great deal of attention in a wide range of 29 studies to enhance heat transfer rate by higher thermal conductivity of nanufluids compared to the 30 base fluid. Many industrial processes such as catalytic chemistry, medicine, biology and 31 environmental applications have adopted the approaches concerned with nanotechnologies.
32
To calculate the viscosity and thermal conductivity of nanofluid, Koo-Kleinstreuer (2004) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 lid-driven square cavity with an inner square solid body has been studied by Alsabery et al. (2018) .
50
The Buongiorno's model has been utilized which shows that applying 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42 respectively.
110
The dimensionless forms of governing equations are as following (Kayhani et al. 2011 ; Kim at al. 
Where ε is the porosity of porous material which values between 0 and 1 relate the porousness of 113 solid matrix and for nanofluid equals to 1. By applying the dimensionless parameters, the 114 following terms can be introduced as (Kayhani, 2011; Teamah, 2012) :
By assuming spherical based porous matrix, permeability of porous media can be defined by
116
Organ equation (1952):
Also the properties of nanofluid can be formulated as below (Khanafer, 2003) : 
Based on Koo-Kleinstreuer (2004; 2005) equations, Viscosity and conductivity of nanofluid is 119 formulated as summation of constant static part and variable Brownian part:
The Brinkman (1952) and Maxwell-Garnett's (1904) model is utilized to expressing static 121 viscosity and thermal conductivity respectively:
According to Koo-Kleinstreuer model (2004; 2005) , µ Brownian and k Brownian can be denoted as 123 follows:
Where ρ np and R np are the nanoparticles' characteristics as density and radius respectively and B
125
denotes Boltzmann number. Equations (17) - (19) 
And ݂ሺܶ, ߔሻ = ሺ−6.04ߔ + 0.4705ሻܶ + ሺ1722.3ߔ + 134.63ሻ (19)
The wall boundary conditions in dimensionless form are as follow:
Due to very slow velocity of nanofluid, it is considered that at boundaries of porous matrix the 129 tangential stresses and velocity in the nanofluid and porous media approximately identical 130 (Beckermann, 1987; Hadidi, 2016; Singh, 2011) :
The nanofluid's Nusselt number is varied on the right and left boundaries according to equations 132 below (Oztop, 2008) : 
The net dimensionless heat generation of porous matrix is expressed by appending the local
134
Nusselt number over the right and left boundaries. low convection coefficients (e.g.10), increasing the conduction ratio has no effect on temperature 165 distribution and the internal heat generation and subsequently changes of this parameter has no 166 effect on the Nusselt number. On the other side, because of lack of heat transferred between the 167 porous matrix and nanofluid, and also due to the high temperatures of the matrix, the generated 168 heat and the resulting Nusselt number would be extremely low. Thus, in order to clarify the effect 169 of the porous matrix's material on the Nusselt number tests were conducted at the higher 170 convection coefficient and the value of H has to be set to 100. 
The variation of Brownian according to conduction

172
The contours of streamlines and isotherms in different porosities were conducted at the condition 173 of Ra=10 5 , ϕ=0.04, H=100 and q=1000, with and without Brownian term. The change in Brownian
174
Nusselt number in the various conduction and porosities is shown in Fig. 6 . Due to Impermeability Nusselt factor with conduction ratio for various porosities.
199
According to this fact that at approximately zero porosities, porous matrix is almost 200 impermeable, generated heat is transferred to outside the block purely by the heat conduction.
201
Hence the generated heat in low thermal conduction ratios does not pass to nonporous field. by Aminossadati and Ghasemi (2011).
228
Variations of Nusslet factor related to different Rayleigh number and volume fractions were shown 229 in Fig. 11 . The highest Nusslet factor was seen to occur at Rayleigh number of 10 4 which was due
230
to the dominant effect of Brownian thermal conductivity on viscosity in lower Rayleigh numbers.
231
In higher Rayleigh number, the circulation velocity of the nanofluid and the viscosity effect was 232 higher in creating resistance which resulted in decreasing Nusselt factor compared to lower
233
Rayleigh numbers. Instead, the increase of volume fraction of nanofluid caused to increased
234
Nusselt factor and this increase was higher in lower Rayleigh numbers.
235
In lower Rayleigh numbers, conduction was the dominant regime in the cavity. Therefore,
236
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